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^ Hydrophillc biopohrmer.c copotyelectrotytes. and biodegradable wound dressings comprising 

v> 

ts' Hyaropniiic biopotvmenc coDOiyelectroiytes compris- 
'ng (ai a water-soiuDie linear anionic protein poiyeiectro- 
ivte comoonent derived from keratin and (b) a water-soiupie 
ffnear caiiomc Piopoiymer ooiyeiectroiyte component deriv- 
ed from at least one biopolymer selected from the group 
consisting of collagen and a glucosaminogtycan. Hyorogel 
nembranes formed Irom the copoiyeiectroiytes are useful 
as Diodegraoaoie dressings for denuded tissue wound 
sites 
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This ir.'/er.ticn relates to r^ovel hydrcphilic 
biccclyr.eric materials and, "ore particularly, to the 
use of such materials in the form of hydrcgei mem- 
5 branes as hicdecradable dressings for denuded tissue 
wound site£ such as burn wounds ind ulceration^. 

In the therapeuric procedure for treating an 
extensively burned patient, devitalized tissue is 
removed from the burn site, and the debrided areas <ije 

10 covered with a temporary burn wound dressing prior to 
definitive autograf ting . The temporary burn wound 
dressing ideally provides several important therapeu- 
tic functions. First of all, it serves as a barrier 
to prevent loss of water, salts, and proreins from the 

15 inrernal miilieu while blocking microbial infection 
from rhe environment. Secondly, it serves to improve 
wound bed base and promote wound closure, thereby 
facilitating decontamination and regeneration of the 
wound area. Thirdly, it serves to alleviate pain. 

20 The best wound coverage material is skin itself — 

a biologic dressing with a collagenous ccm.ponent: 
rendering it adherent to endogenous fibrin, and a 
keratinized water proof surface. Biologic dressings 
in current use include commercially available pigskin 

25 hetercgraft, and living (donor) human or human cadaver 
hom.cgraft material. While human skin has a number of 
advantages over pigskin for this purpose, there are 
many problems associated with obtaining, storing, and 
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re-uir- leas- ::: rsiavers cer year m araer -c 

sucp.y exiaranr cum renders. I- ar.y case, eir^er zz 
zr.ese types zz 'zzcizzzz zressmps rive rise zz re- 
:ecrisr: pnercrera wnic- ^ardare rneir re-cval and 
replace-e-r every 2 -o 5 days, sr every 2 zz 2 v.ee-:s 
if -easures are -aken zz re-ard rhe re:esricn z-ezzzr.e- 
ncn. Eventually, hcwever, zhese dressings -usr ce 
stripped, ofren resulting in bleeding and renewed 
destruction of zhe graft base. 

The body's re^ecticn of foreign biologic dress- 
ings has lead ro a search for skin substitutes which 
are ei-her completely synthetic, derived from tissue 
ccnpcnents, or sone conuDination thereof. Such search 
has not heretofore met with great success due to zhe 
difficulties involved in finding a marerial exhibiting 
the proper ccuibinaricn of properties essential for an 
ideal skin substitute. These properties include 
rapid, uniform, and strong adherence of underlvinc 
tissues; water vapor transport characteristics sufii- 
c: ent zo keep the underlying, tissues racist wichcir: 
creating pooling; elasticity; durability; intact 
bacterial barrier characteristics; ncnantigenicity and 
nontoxicity; high perneabili-y zo oxygen; capabilitv 
of being easily applied and renoved; easily storable; 
and relatively inexpensive. 

The materials previously proposed as skin substi- 
tutes have generally been found to be lacking in one 
or more of the foregoing properties. The most saris- 
factory of these materials have consisted of lavered 
composite membranes having an cuter laver desicned for 
durability and elasticity, such as silicone or other 
synthetic polymeric film; and an inner layer desicned 
for maxim.um -adherence , such as collagen, cotton gauze, 
or Dacron flocking. However, the necessity for these 
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rc--csi-e rr.eTirar.e burr, wcur.d dressings -C be s-ripced 
:r=- -he vcund cricr -c defir.--ive aurccraf- -r.c , pcse3 
scu'.e difficult desicr. prcblerr.s. Sir.ce -hese dressings 
generally depend upon -issue ingrowth in.c their ir.ner 
layer for adherence cf the wound, ccnclete reT.cval of 
the dressing is difficult and nay require re- 
debrider.er.t before grafting. While it rtay be possible 
to overcome this problem by having the inner layer 
formed of a biodegradable material, such approach has 
been found to result either in a premature loss of 
adherence and effectiveness of the dressing before 
comcletion of wound healing, or in the for:nation of 
considerable scar tissue, unless the biodegradation 
rate of the inner layer, is carefully controlled so as 
to precisely coincide with the rate of wound healing. 

Homogeneous hydrogel membranes formed from t.he 
hydrcphilic synthetic polymeric material, Kydron, have 
also been proposed as skin substitutes for use as burn 
wound dressings. This material ccrriines adherency to 
dry and moi^t tissue with the other desirable prop- 
erties of conformabiiity to a regular contour, elas- 
ticity, nonantigenicity, being inert, and providing an 
effective antimicrobial barrier. Its major drawbacks 
as a burn wound dressing, however, are its excessive 
perm.eability to water and its low degree of durability 
when washed with water or in the presence of moderate 
oocing or bleeding. Moreover, its elasticity is too 
rapidly lost upon drying. For these reasons, it has 
not proven to be practical for relatively long-term 
burn wound dressing applications. 



01383S5 

in our oc-j:enc:ng European Acplioaoicn No. 
S33C1149,7 :puc:isned on 21. 29. S3 unuer ?ublio-:i:n . 
00S9:52A) '.ve have oescribed arc clain:ec: a nyarocnilic 
bicpolymer^o ocpo 1 velec^rol yoe vhaon is a signifi^an: 
5 or^prcvemeno over previously r:ro;vn bicdegradaole -.vcuna 

dressings, and A\nich cor.prises .a) a -A-ater-soludle lir.e^r 
anionic protein pciyelectrolyoe ccmponeni oerived froT. 
keraoin and -^b) a 'A*a*er-3oluble linear oaoionic 
biopolymer polyelectrolyoe component derived from at 

10 least one biopolymer selected from a glucosaminogly can 
(which is preferably chitcsan, riore preferably m 
carboxylate eg acetate form) and collagen. Our prior 
application, supra , teaches that the weight ratio of the 
anionic keratin polyelectroly te component to the cationio 

15 biopolymer polyele ctrolyte component in the 

copolyelectrolyte is most suitably ^v'.i-hin the range of 
from about 1:1 to about 10:1, and more preferably withm 
the range of from about 2:1 to about 5:1. Examples are 
presented which illustrate the preparation of such 

20 biopolyraeric copolyelectrolytes , and of their successful 
use as wound dressings in clioical trials on animals. 
S^ummary' of the Invention 

It has now been found, m accordance with the 
present invention, that hydrophilic biopcl:,-meric 

25 copolyelectrolytes which have improved properties as 
wound dressings are obtainable, following the general 
teachings of our earlier application, supra , but 
employing different relative amounts of the anionic and 
cat ionic com.ponents . 

30 More specifically, the present invention 

provides a hydrophilic biopolymeric copolyelectrolyte cf 
(a) a water-soluble linear anionic protein 
polyelectrolyte component derived from keratin, and (b) a 
water-soluble linear cationic biopolymer polyelectrolyte 

35 component derived from* at least one biopolymer selected 
from a glucosaminoglycan and collagen, the weight ratio 
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The parenz Zuronean Application N'o . S33C11-15.7, 
sur.Ti . states that vvhen the ^ationic biopolyrTier 
pclyelectrolyte ccmponent is a mixture ci the 
gl'jGcsaininoglycar. and collagen, then the weight ratio of 
the glucosaninoglycan to collagen is preferably within 
the range of from 0.5:1 to 2:1. In accordance with a 
feature of the present invention, it has now been found 
that copolyelectrolytes which have improved properties 
as wound dressings are obtainable when the weight ratio 
of the glucosaminoglycan to collagen is within the range 
of 2:1 to 13:1, and preferably 3:1 to 10:1. Such novel 
ratios of glucosaminoglycan to collagen can be employed 
both with the new ratios of anionic protein 
pclyelectrolyte component to cationic biopolvmer 
pclyelectrolyte component which are taught herein, as 
well as with the ratios of these components previously 
taught in the parent European application. Accordingly, 
the present invention further provides a hydrophilic 
biopol\-mer copolyelectroly te of (a) a water-soluble 
linear anionic protein pclyelectrolyte component derived 
from keratin, and (b) a water-soluble linear cationic 
biopolymer pclyelectrolyte component derived from a 
glucosaminoglycan and collagen, the weight ratio of said 
glucosaminoglycan to said collagen being within the 
range from more than 2:1 to 13:1. 
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Hycrirel -er^ranes ci~criHinc zr.e cccc lye 1 . r t r r 
lytes cf zr.e cresenc mventicn exhiric a ccr±iracir 
cr crccercies rencerinc chsr. useful as biccecracac 1 
dressings fcr cum wcunds and ccher denuded cssue 
wcund sices. Such memcranes are scrcngly adherent in 
underlying tissues, elastic, duracle, highly cern:eacle 
tc cxycen, abscrbent: tc wcund exudates withcut Iccmc 
their durability, have water vapcr transport charac- 
teristics sufficienr to keep the underlying tissues 
moist without creating pooling, and have mtacr 
bacterial barrier characteristics. They may be 
readily and conveniently applied to the wound sire m 
seve.ral alternative modes. By virtue of their bicde- 
cradability, they do not require stripping. In the 
latter stages of wound healing, when m^cisture thrcuch 
the wound area is much reduced, any remaining ccrolv- 
electrolyte material will dry and harden to a protec- 
tive carapace, which will fall off naturally without 
leaving any scarring. 



DESCRIPTION OF PP^FZRRZD EMBODIMENTS 

The hydrophilic biopolymeric copolyelectrolyres 
of the present invention are water-insoluble, wacer- 
swellable materials comprising a water-soluble linear 
anionic protein polyelectrolyte component derived from 
keratin and a water-soluble linear caticnic biooclvror 
polyelectrolyte component derived from at least cne 
biopolymer selected from the group consisting cf a 
glucosaminoglycan, such as chitosan, and the prctem, 
collagen. Keratin is a protein obtained from sources 
such as skin, fur, hair, wool, horn, nails, claws, 
beaks, and scales. It may be readily isolated from 
its source material and separated into its aloha- 
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kezizzse -r.d ^a.-.Ta--:era- cse frac-icr.s zy procedures 
we._ -:r.cwr. m "he ar-, such £s, for ex=r-.ple, as 
descriced cy v;iara, Myccpa-holocia ez Mycclcgia 
Apclicara, Vc^ur.e 2Z , pares l-;i-1 4 4 (1 566) and Rhcdes , 
5 £2 ' / Myccpat-clcgia az Mycclocia Applicaca, Vclu's 
32, p^ges : 45 -:-: 3 (1 96 7;, incorpcrated r.eram dy 
reference. Chi^csan is the deacylated forn of chirm, 
which IS a gluccsar^moclycan obtained as a majOr 
constituent of zhe shells of shrinp, crabs, and 

10 lobsters, the cell walls of filamentous fungi, and the 
exoskeletons of insects. Chitosan is comnercially 
available in the fom of fibers, for example, from 
Sic-a-Aldrich Corpcration, St. Louis, Missouri. 
Collagen is a fibrous protein which comprises the 

15 major portion of the white fiber in connective tissues 
of the animal body, particularly in the skin, bones 
and tendons. It is ccmjnercially available in the form 
of soluble fibers, for example, from Sigma-Aldrich 
Corporation, St. Louis, Missouri. 

20 The water-soluble derivatives of keratin employed 

in the anionic polyelectrolyte com.ponent of the 
ccpolyelectrolytes of the present invention are linear 
polyelectrolytes in which the keratin moiety is in 
anionic form. A particularly suitable anionic keratin 

25 polyelectrolyte is ammonium keratinate, obtained as 
the total ammonium hydroxide-soluble fraction of 
peracetic acid-oxidized human hair, or the aloha- 
keratose com.ponent of this fraction, by the procedures 
described in the aforementioned Rhodes, et al . , 

30 article. Due to evidence indicating a higher degree 
of ncnantigenicity , the alpha-keratose form of amamc- 
nium fceratinate is preferred. 

The water-soluble derivatives of the gluco- 
sam.inoglycan and collagen employed in tne cationic 

35 bicpclymer polyelectrolyte component of the 
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15 



20 



ccpcli-lec-.rclytes cf zhe zreser.z 
polyelec-roly-es ir. wnich tr.e biczc, 
canonic lor:.. Particularly suitable 
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25 



30 



yT.er -.oiety 13 : p_ 

sluccsar^mcglycan and collagen pclyelec:ro^v:es a-^ 
carccxylates cf tnese bicpcly^ers. such as their 
acetates cr citrates, obtained by cissolving the 
biopolyr.er in an aqueous solution of tne ccrresccnd^- 
carccxylic acid. Chitosan acetate, oolla^^en acetat^ 
and rrixtures tnerecf, are preferred for use m tne 
cationic biopolymer polyelectrolyte component. 

The weight ratio of the anionic keratin 
polyelectrolyte component to the cationic biopolvmer 
polyelectrolyte component in the copolyelectrolvtes of 
the present invention is to lie within the range of 
from 0.001:1 to 16:1 and more preferably within the 
range of from 0 . 001 : 1 to l : 1 . when the cationic 
biopolymer polyelectrolyte component is a mixture of 
the glucosaminoglycan and collagen, the weight ratio of 
the glucosaminoglycan to collagen is preferably within 
the range of from 0.5:1 to 13:1, and more preferably 
within the range of 3:1 to 10:1. 

When the water-soluble anionic keratin 
polyelectrolyte component is contacted in the presence 
of water with the water-soluble cationic bicnolvmer 
polyelectrolyte component (i.e., cationic glucosa.mino- 
glycan, cationic collagen, or .mixtures thereof), the 
polyelectrolyte components spontaneously rearrange 
themselves into a water-insoluble, water-swellable sol^d 
coherent mass. While the precise mechanism of reaction 
resulting in the formation of these biopolymeric 
copolyelectrolyte bydrogels is not known with certaintv, 
it is believed that the initial attraction between the' ' 
two polyelectrolyte components 
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::5 i-e "heir zzzzsLze zez rr.^rze, and thar clcser 

^■^xtapcsiticr. zz zr.e cicccly-er -"lerules tr.en brings 
mtc play a varia-y ci szezzz fi-ring and rhem^ral 
dcndmc ^nd r r 3 £ s 1 m i nr -ecnani£-3 at "ulrirle sires 
5 alrnr rhe n:clecules rr rrcduce .r:ter digirar^ng cc- 
bicrc IvT.ers . In any evenr, rheir prccerries and 
char acterisr ICS ara rcrally differenr from those of 
rheir individual ccn^.ccnenr s . 

In their hydrared fcm^ the bicpclymeric ccpoly- 

10 electrolytes of the present invention are stress- 
durable hydrogels which may be manipulated like a 
self-annealing paste or putty and thereby formed into 
menibrane sheets, troweled into crevices, or formed m 
shaped containers or around glass or metal or through 

15 perforations. As long as moisture is present, they 
lemain flexible and elastic. As they dry down, they 
shrink, adhere to flat surfaces, self-anneal and 
harden to a crystallite form of packed microfibrils. 
Since they are permeable to and expansible in water, 

20 the ccpolyelectrolytes may be regenerated by the 
addition of water from their dehydrated form to their 
hydrogel form, and thereafter reshaped. 

Preparation of the bicpclym.eric ccpoly- 
electrolytes of the present invention may suitably be 

25 carried out by mixing together aqueous solutions of 
the anionic keratin polyelectrolyte component and the 
cationic biopolymer polyelectrolyte component to 
precipitation end-point and allowing the resulting 
integral mixture to dry down to a cohesive membrane. 

3C This r^ay be done very carefully in vivo . Alter- 
natively, aqueous solutions of the anionic keratin 
polyelectrolyte component and the cationic biopolymer 
polyelectrolyte component may be mixed to form a gel 
which is then applied to the wound and allowed to dry 

35 down to form the cohesive m.embrane. Yet another 
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a 1 r e r r. = ~ 1 e is ~ o - 1 >: i 3 u e c u s s: 

-:er£tin pclye lecrrcly-e rc-pc^en- izz zr.e zi- 
ricpcly-er pclye lec" rc ly te zzzzz-er.z zz ::r- £ : 

gel vnich :.s allowed to dr'.' a -.zli --^ . 

-e-j^rane ~ay -her. be rer.zved frr- 
s-r=-e either cy creckir.cr it if: 
dehydrated state and fr: 



--5 brittle 
r.g It irtt a pcwder, tr hv 
teasirg and flcatirc it off ir water as a flexicle 
hydrogel nerrlsrane. The cpt::r.al weight ratio of the 
anionic keratin polyelectrolyte cc-ocnent to the 
caticnic biopolyner polyelectrolyte component m 
copolyelectrolytes r.ade by these r.ixmg methods is 
abcdt 0.2:1 to about 7:1; a range of fro- about 0.4:1 
to about 3,75:1 is preferred. 

As an alternative preparative procedure, one of 
the- polyelectrolyte components in solid form may be 
contacted with an aqueous solution of the ctner 
polyelectrolyte component. For example, the caticnic 
biopolymeric polyelectrolyte ccm.ponent in solution mav 
be dried down to a crystallite complex which reserJ-les 
cellophane sheeting, its thickness strentth 
varying with the amount of solution used to cover 
given area before dry-down. Contacting the caticnic 
biopolymeric polyelectrolyte sheeting with an aqueous 
solution of ammonium keratinate results in the forma- 
tion of a ccpolyelectrolyte hydrogel memJ-rane. This 
may be accomplished, for exam.ple, by swabbing or 
spraying the ammonium keratinate solution onto both 
sides cf a sheet of caticnic biopolymeric tolvelectrc- 
lyte component and allowing the wetted sheet to drv. 
Alternatively, the amjr.onium keratinate solution mav be 
swabbed or sprayed onto one side cf a first sheet cf 
caticnic biopclyTneric polyelectrclvte com.conent: the 
wetted side of this sheet is then overlaid with a 
second sheet of caticnic biopolymeric polvelectrcl-.-te 



a 
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c c rr. c c r. ^ " *z ' > r. i r rr. d c b i r. s s 2.1?, s 3 it d ^ f 5 r r. *i *" " " m ^ =^ 
ZLrsz sr.ee'. This process r.ay ce receazed to forn d 
'sdr.cwion" ~6rrji; r^r. e . I" '-'^z. ^r. c~r.er 8r?jzcci — 
-er.o of Ohio invention, the a.Tor.cniun keraton^te 
scloticn IS oirso sprayed or s'^^a^hhed direotl'/ onto the 
open wound which is the overlaid with a sheet of 
oationic bicpolvTieric polyelectroly te cor.oonent to 
forn; a copclyelectroiy te hydrogel mernbrane in situ. 
In each of these alternate einbcdiiTients the cprir:ial 
weight ratio of the anionic keratin polyelectrclyte 
component to the cationic biopolyroeric polyelectrolyte 
component is about 0.001:1 to about 0.2:1. Expressed 
m .T.ore convenient cerms , ahoue 30-300 mg anionic 
keratin polyelectrolyte is applied per 1000 sq, cm. 
surface area of the cationic biopolymer ic 
polyelectrolyte component sheeting. 

The bicpolymeric ccpolyelectrclytes may be 
formulated with various additives, such as, for 
examiole, plasticizers or softening agents, antibicric, 
antifungal or other pharmaceutical agents, cells, 
enzymes / antibodies, pigments, or the like, to enhance 
their properties for a particular end use. Such 
additives may suitably be incorporated into the 
ccpolyelecrrolytes either subsequent to their forma- 
tion or along with one or more of their polyelectro- 
lyte components during their formation. When used in 
wound dressing applications, for example, the bicpoly- 
meric copolyelectrolytes preferably are mixed with a 
non-toxic plasticizer or softener, such as glycerol, 
in an amount sufficient to enhance the flexibility 
and/or adhesion of the dressing. When emplovina 
chitosan acetate sheeting as one of the polyelectro- 
lyte components in formulating the bicpolymeric 
copolyelectrolytes, the plasticizer or softener is 
advantageously incorporated into the chitosan acetate 
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biliry for mosr applicaricn. Fcr 
wound dressir.es, a thickness ra.-gir.g frcir. about 
about 7 Tdls has been found to be particularly suit- 
able. The membrane thickness -ay suitably be con- 
trolled m various v;ays. For example, varying the 
concentrations of the polyelectrolyte components m 
the stock solutions employed in the formation of the 
copolyelectrolytes will result in correspcndinc 
variations in the resulting membrane thickness.' 
Alternatively, separately formed hydrogel layers m.ay 
be laminated together, for exam.ple, with the aid of an 
interm.ediate coating of a suitable softener or plasti- 
cizer (e.o., a glycerol-water mixture), therebv 
forming a composite hydrogel m.emirane. Such com.posite 
merriranes T,ay be fabricated with their seoarat = 
hydrogel layers having either the same or different 
composition. For example, the cationic bicpclym.er 
polyelectrolyte com.pcnent of the copclyelectrolyte" mav 
be cationic chitosan in one layer and cationic col- 
lagen in another layer. 

The combination of properties exhibited by -r.e 
biopolymeric copolyelectrclyte hydrogel m.emiranes of 
the present invention render them particularly suit- 
able for use as dressings for burn wounds and ctner 
denuded tissue wound sites. Such msmiranes are 
rapidly, uniform.ly, and strongly adherent to under- 
lying tissues by virtue of their shrinkdown from the 
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fully hydraced sz3.za and, zr dy virtue zz rdeir zcl- 
laren zzr.zar.z and requiring l_nkage "c fadrir m -he 
wcund ded. They are duracle zo cnysacal a-ress and 
~ay ze an^a:-:ened as needad ::c ennance rneir duracal- 
5 ity. Tney nave a nicn decree of adscrnancy for 
aericus cr blccdy exudare, and remain flexible and 
elastic so long as r.oisture is present. Their vaoer 
vapor transport, -haracteris t ics are such as to allow 
pervapcration of water at a rate sufficiently high so 

10 as to prevent fluid pooling beneath the dressing, and 
yet sufficiently low so as to maintain the requisite 
nioisture at the wound surface for wound healing cell 
nigraticu to occur and the requisite moisture within 
the membrane for maintenance of flexibility and 

15 elasticity. The hydrcgel membranes are highly perme- 
able to oxygen, allowing- air to get into the wound 
while stopping bacteria. Their microbial barrier 
function can be further improved by incorporating 
antimicrobial agents into the dressing, for example, 

20 by inclusion in the hydrcgel during its forr.ation, by 
inclusion between hydrcgel layers, or by direct 
spraying or sm.earing onto the wound dressing as 
clinical conditicns demand. 

The materials used in making the ccpolyeleotro- 

25 lytes and their hydrcgel membranes are non-antigenic 
and non-toxic, and are readily available. Further- 
more, the copolyelectrolytes , either in dehydrated or 
hydrated form, are easily stcrable at room, tem^perature 
in polyethylene bags, alum.inum foil packs, or plastic 

30 dishes after autociaving, gas, alcohol, or radiation 
sterilization. Sterilization by ultraviolet radiation 
or ethylene oxide gas is preferred. 

The copolyelectrolyte hydrcgel membrane wound 
dressings may be readily and conveniently applied to 

35 the wound site in several different application m.odes. 
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ZD zza wcund sire e — rer as a prefarred -a--ra-e zz 
^ self-an-ealir.g aasra. Alaerraaiva l'.- 



tr.e 



elearrclyae 'ay ce prefcrr:ed and applied zo zze waind 
5 sire m cehydrared far-, either as a dried -5— ra-e :r 
as a pcwder, and tihereafrer aliased zz hvdrare ~- 
adherens ccnfcrnmg hydrccel -en^rrane in siru cn zze 
wcund sire. A further alternative applicaricn -cde is 
to individually apply the anicnic keratin 
10 pclyelectolyte component and the caticnic bicrolv-er 
pclyelectrolyte component to the wcund site so ' as to 
effect in situ formation on the wound site of the 
copolyelectrolyte as a hydrogel merrLbrane. In this 
latter nxDde of application, both of the polyelectro- 
15 lyte components may be applied as aqueous solutions, 
or one may be applied as an aqueous solution and the 
other in solid form. For exam^ple, the wound site mav 
be first sprayed or swabbed with an aqueous soluticn 
of ammonium keratinate, and thereafter overlaid with 
20 dried chitosan acetate sheeting, preferably including 
a f lexibility-and/or adhesion-enhancing amount cf a 
non-toxic plasticizer cr softener, sucn as glycerol. 

The copolyelectrolyte hydrogel membrane wcund 
coverings can remain in place over substantially the 
25 entire wound healing period, during which time fluid 
exudate from the wound is absorbed, and white blood 
cells and macrophages infiltrate the hydrogel and 
ultim.ately dry at the upper air interface to form, a 
protective scab, while entering fibroblasts elaborat- 
ing collagen fibers bind to the lower moist surface of 
the membrane- Epidermal cells m.ove in centripetallv 
from the edge of the wound through these collacen 
fibers to grow over and close the wcund in the moist 
space between the fibroblasts and the white cell- 
35 infiltrated membrane. The moist memjDrane becomes 
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cicdecraded cy -he s-tm cells, vhire cells and -.acrc- 
pnaces. In the latter stages of wound healtnc, wnen 
"C-3ture thrcuch tne wcund area is "uch reduced, the 
re~aining -e"±:rane will dry and harden to a crctecti'/e 
5 carapace or scab, which will fall off naturally 
without leaving any scarring. The dried scab r.ay , if 
desired, be softened and removed by application of a 
glycerine- water r:i:cture . 

'While the hydrcphilic bicpolymeric copolyelectro- 

10 lytes of the present invention have been described 
primarily with reference to their utility as hydrogel 
me.Tibrane wound dressings, it will be understood that 
these novel r;aterials have a wide variety of orner 
potentially important applications. For example, they 

15 may be used in conjunction with implantable prosthetic 
devices, and as scar ticsue coverings^ sutures, tapes, 
sustained release drug carriers, and tube linings in 
bypass surgery. They may be covered with an over- 
growth of a layer or layers of cultured epithelial 

20 cells to form a synthetic skin wound dressing or 
graft, or fur use as a lining in prosthetic implants 
and devices. 

The invention is further illustrated by way cf 
the following examples. 

25 

EXAMPLE 1 

Stock solutions for use in preparing hydrcphilic 
30 biopclymeric copolyelectrolytes in accordance with the 
present invention were prepared in the following 
manner . 

Chitosan acetate solution was prepared by contin- 
uously stirring 500 mg of practical grade shrimp 
25 chitosan fibers (Sigma-Aldrich Corporation, St. Louis, 
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The sclu-.icr. v=s cleared -f rrcss particular- -.a-.-.ar 

= - .ayer rauze pad cr. a 

= ucr.r.er funnel. 

Ccllagen acerate scluticn was prepared cv stir- 
ring :0C .T.g of bovine collagen fibers laoid-sclucle 
Type Sigrr.a-Aldrich Ccrpcraricn , St. Icuis, 

Missouri) in ICO ~1 of cold :.:5% (v/v) acecic acid. 

.-.l?ha-keratcse a.-T.cni-u.- >eratinare scluricn was 
prepared as fellows. 12 gra-.s cf clean, dry, blond 
human hair, previously decreased and washed, were 
placed in a 1 liter Eriynraeyer flask containing 3 20 -1 
of wauer. 80 ril cf ooncencrateu peraceiic acid was 
added, and the flask stoppered. The conzents of che 
flask were swirled and then placed in a refriceraccr 
for 2 4 hours with occasional swirli.ng. The bleached, 
easily stretched and torn ("retted") hair was then 
freed of the peracetic acid by decantarion a.nd thor- 
ough washing with separate water rinses. The washed 
retted hair was then covered with 800 ml of 3 N 
anmonium hydroxide, and stirred in -r.e cold for 2 4 
hours to solubilize hair keratins. The total soluble 
protein (T?) fraction was then cleared of solids bv 
centrifucation, discarding u.ndissolved pro-ein and 
non-procein residual debris. The T? fraction was 
further clarified through Whatnan No. 1 paper, dia- 
lyzed against water until the dialyzate wash gave cnlv 
a faint positive for arrmionia wirh Nessler's reagent, 
a.nd -hen Seitz microf iltered. Alpha-keratose was 
precipitated from the TP fraction by incremental 
addition of 0.1 N hydrochloric acid wnile stirrinc. 
The precipitate was collected by cenrrif ugation , and 
the supernatant gamir.a-keratose , antigenic for rabbits, 
was discarded. T.he alpha-keratose precipiua-e was 
washed in water, re-centrif uged , and then solubiliced 



0138385 



m . 1 N' a.--.cr.iu~ r.ydr^xiie. A second cycle ci 
■:r^cici'a: icr. , -.vasninf. and sc iub 1 1 1 ca' i cn -.vas ru.i cn zr.e 
cl-r.a-r-.eratcse ce::re iir.al cialysis against vatsr, 
-.:-rc::'---r2-.--cn, and storage -.n a sterile ccntamer. 
; Tr.e r5Sul:i-5 solution ccntair.ed acprcxir.ately 7.5 T.g c: 
alcha-.-ieratcse a.T--cni-an keratmate per -ni . 

EXAMPLE 2 

The chitcsan acetate and alpha-keratose ar-jncni'a.Ti 
.-.eratmate stock solutions prepared in E.xa.T.ple L, were 
0 employed in the preparation of a chitosan keratinate 
copolyelectroiyte. 50 ml of chitosan acetate solution 
(containing 250 mg of chitosan acetate) and 15 ml of the 
arir.onium keratinate solution (containing 250 mg of 
cnitosan acetate) and 15 ml of the amnonium keratinate 
5 solution (containing 112.5 mg of alpha-keratose ammonium 
keratinate). were mixed together in a plastic Petri dish 
to precipitation end-point to produce an opaque whitish, 
sticky, flocculent precipitate. Upon evaporation of the 
supernatant, the precipitate dried down to form a hard 
C brittle translucent sheet, which was pried or cracked 
from the bottom of the dish. Upon adding water to the 
dried material, a self-annealed, tough, stretchable , 
cuttable, cohesive chitosan keratinate copolyelectrolyte 
hydrogel membrane was formed. 
5 EXAMPLE 3 

All three of the stock solutions prepared in 
Example 1 were employed in the preparation of a chitosan- 
collagen keratinate copolyelectrolyte. 30 ml of the 
chitosan acetate solution (containing 150 mg of chitosan 
30 acetate). 10 ml of the collagen acetate solution 

(containing 20 mg of collagen acetate), and 10 ml of the 
ammonium keratinate solution (containing 75 mg of alpha- 
keratose ammonium keratinate), were mixed together in a 
plastic Petri dish to precipitation end-point. Upon 
35 evaporation of the supernatant, the precipitate dried 

down to a crystalline-like sheet. Upon adding water to 
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tne ariec ac'An precipitate, a seli-annealed. :"'=^x'b''=- 
cohesive chicosan-co llagen kerati-are copclyelectroiv:- 
hydrogel nemcrane -.vas :orr:eci, Ahich -A-as leased ana 
floated from the bottom of the disn. 

Zxa-ples 4-7 illustrate the preparation of 
cnitosan keratmate copolyelect roly te hvdrogel "enbr-res 
containing a variety of antibiotics. 

Chitosan acetate sheeting was prepared by nixir 
2 ml glacial acetic acid, 2 ml glycerol, 40,000 :ng 
gentainycin sulfate (Garamycin, Schering Corp. , Kenilwort 
NJ), 796 ral water, and 4 g practical grade shrimp 
chitosan fibers ( Sigma-Aldrich Corporation). The 
mixture was stirred until a solution was formed. The 
solution was filtered through five layers of cheese clot 
and allowed to dry down to form a cohesive solid sheet o 
chitosan acetate. 

The 9" X 12" X i" dried chitosan acetate 
sheeting was sprayed on both sides with a total of about 
10 ml of a 5 mg/ml alpha-keratose ammoni^um keratinate 
solution prepared in a manner analogous to Example 1. to 
form a chitosan keratinate copolyelectrolyte hydrogel 
membrane containing the representative antibiotic 
gentamycin sulfate. 

EXAMPLE 5 

Chitosan acetate sheeting was prepared by mixin 
2 ml glacial acetic acid, 2 ml glycerol, 796 ml water, 
and 4 g practical grade shrimp chitosan fibers (Sigma- 
Aldrich Corporation). The mixture was stirred to 
solution and filtered as in Example 4. 

70 ml of this chitosan acetate solution was 
poured into a standard plastic Petri dish (3.5" diameter 
and 300 mg demeclocycline powder (Declomycm, Lederle 
Laboratories Div. American Cyanamid Corp., Wayne, N J ) wa 
added with stirring. The mixture was allowed to dry 
down to a membrane which was then lifted out and sprayed 
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: n zzzr. sides .virn 2. "Oua-. 3 "li c: a 5 t.^/t*! alpha- 
r:er:i"C3e a™cniur?. 'rie r a - 1 n ar e soluiica prer;ared in a 
-manner analogous :c ':nar 0; Zxarple 1, zc form a ai::itcsaa 
riera'ina^e :opo 1 ye lect rol y - e nyarogel n^emcrane ccnraining 
5 :::e rey resent an ve aniiciotic ::er:eG locy c 1 1 ne . 

EXAMPLE 6 

Chitosar. acetate sheeting 'A*as prepared by mixing 
2 mi giaciai acetic acid, 2 m.i giycerol, 795 ml vvarer, 
and 4 g practical grade shrimip chitosan fibers (Sigma- 

10 Aldrich Corporation). The mixture was stirred to 
solution and filtered as in Example 4. 

58 ml of this chitosan acetate solution was 
poured into a standard plastic Petri dish and 1 ml 
glycerol and 320 mg cefoxitin powder (Mafoxin, Merck 

15 Sharp k Dohme, Rahway , NJ) were added with stirring. 
To this mixture was added 10 ml of a 5 mg/ml alpha- 
keratose ammonium keratinate solution prepared in a 
manner analogous to that of Example 1 and containing 125 
mg of dissolved tetracycline (Sumycin, Squibb & Sons, 

20 Inc., Princeton, NJ) . The coTibined mixture was allowed 
to dry down to a yellow-brown chitosan keratinate 
ccpolyelectrolyte h^/drogel miembrane containing the 
representative antibiotics cefoxitin and tetracycline. 

EXA.MPLE 7 

25 Chitosan acetate sheeting was prepared by mixing 

2 ml glacial acetic acid, 2 ml glycerol, 20,000 g 
gentamycin sulfate (Valley Biologicals Inc., State 
College, PA), 796 ml water, and 4 g practical grade 
shrimp chitosan fibers ( Sigma-Aldrich Corporation). 

30 The mixture was stirred to solution, filtered, and dried 
as in Example 5. 

The 9'' X 12" x 2" dried chitosan acetate 
sheeting was sprayed on both sides with a total of 10 ml 
of a 5 mg/ml alpha-keratose ammonium keratinate solution 

35 prepared in a manner analogous to Example 1 and 
containing 191 mg dissolved carbenicillin powder 
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(Geocillm. Roerig Div. Pfizer Pha — aceui i cals , ::e'A- 
York, NT), to forr^ a chitosan keratinate 
copolyelecrrolyte hydrogel nembrane containing the 
representative antibiotics gentartycm sulfate and 
carbenicillin . 

EXAMPLE 8 

Patient A, a 54-year-old white fer.ale with 
multiple left leg ulcers diagnosed as pyodernia 
gangrenosum secondary to Crohn's disease was seen on 
Dermatology Service, University of Illinois Hospital, 
after prior unsuccessful treatment. Two of the ulcer 
lesions were pre-tibial (a shallow lesion 3" m diameter 
and an elongated deep crater about 3^' x 4" long); a 
third lesion was a deep finger-like ulcer projecting 
about 1 1/2" into the back of the leg. The patient had 
been hospitalized for 14 weeks and was receiving high 
dose prednisone (200 mg daily) for her Crohn ^s disease 
and 1% silver nitrate soaks on the ulcers as an 
antiseptic and to encourage crusting. Silver nitrate 
was not effective in containing the — 
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n=r .13 1 i.'ir/: z ir.z z:-::.ze z^sze _a::3r 
^3 :rr--3_-.'e ireH3_nr I'/ar "re lirre lesion 
;e. 7ne d-.en*: zeszzz'zez ^zzzz.z^r/r zr.':: zblzz zs 



rese-^L.ng ir.e ;-:ceri-en- = 1 surrizal wcu'ds ^reduced 
m r = c2i-3, was -reared at: firsr. The lesicn was 
sa-ura.ed wi-n a s-erile 5 T.g/nil solu-icn cf alpha- 
keratcse a~uT.cniu~ kerat::Lna re prepared :i.n a nanr.er 
analoccus to -har cf Exar.ple I; thereafter a chirosan 
keratir.ate ccpolyeiectrolyce hydrccei menbrane con- 
tainir.g gentanycin sulfate prepared according to 
Exar.ple 4 was laid on the ulcer. This was dressed 
with a Telfa pad (Kendall Hospital Products Div. , 
Chicacc, IL) and gauze. Obvious success in treatment 
or the upper shallow ulcer led to gentamycin sulfate 
chi-csan keratinate hydrcgel nieinbrane application to 
the other ulcers with comparable results. Treatnient 
of the deep finger-like ulcer and the large cratered 
pre-tibial ulcer containing exposed tendon and a snail 
area cf exposed bene was then begun. The ulcers were 
saturated with a sterrile 5 ng/nil alpha-keratose 
solution as above, then overlaid with a IT-sterilized 
glycerinated chitosan keratinate cope lye lectrolyte 
hvdrcgel nenbrane containing gentamycin, prepared 
according to Zxar.ple 4 . The patient noted absence of 
tenseness and pain within n^inutes after the meriDrane 
was in place. rrom this day onward, pre-spraying of 
lesions with alpha-keratose was discontinued. In- 
steady the dried-down 9'* x 12'* chitcsan acetate sheet 
was siniply peeled from its container form, suspended 
in air by a set of clips, and sprayed on both sides 
with a total of 10 ml alpha-keratose (5-7.5 mg/ml) 
solution prepared according to Example 1, allowed to 
dry in air, then UV-sterilized under polyethylene 
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(Saran Wrap) sr.eetir.c. After about 7 wee-is a five- 
day-cld r.er^rane fcrr.ir.g a firr: carapace the larce 

lesicn had £pl:.t and lifted off of the -ealing site 
which was covered with collacencus fibrctic T.aterial. 
5 Exudate and drair.ace into the caure cver-wrap was 
ninir.ai. The patier.t was arabulatcry, free cf cam, 
and discharced frcr. the hospital two weeks later. 
Follow-up treat~er.t was on an cut-patient basis at 
progressively longer intervals, where soft degraded or 

10 hardened non-adherent memijrane was simply washed or 
cut away, the reduced lesion was washed in 3% 
peroxide, and a new gentamycin sulfate chitosan 
keratinate copolyelectroly te hydrogel merrjrrane pre- 
pared as above was applied and dressed as usual. 

15 Membrane degradation over the collagen-filled gran- 
ulation base continued for two more months. "Pearl- 
ing" at the edge of the lesion indicated new 
epithelial growth. Continued reduction of the lesion 
by epithelial ingrowth was apparent through the next 6 

20 months to an uneventful recovery with complete re- 
epithelialization. 

The successful treatment of these ulcers dem.on- 
strates that the merJ^ranes of the present invention 
1) accelerate healing, 2) cause epidermal closure 

25 over a large area, 3) promote healing over a diffi- 
cult area (i.e., bone), 4) work against a corti- 
costeroid gradient (e.g. high doses of prednisone) , 
and 5) alleviate pain. 

Patient 3, a 26 year old black female wirh 
progressive systemic scleroderma was seen and treated 
for painful ankle ulcers on Medical Service, 
35 University of Illinois Hospital. She had been 
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"-r/orzr.es precared acccramg zo ZxaD.ple 4 but on\±zzzng 
:"e ant : b i;: : ic . -.vere appliec zc the lesions on each leg 
.vith tne usual Telia and gauze overwraps. She was 



10 discharged, pain-iree, two days laier and ihereafter 
continued her treatment as an out-patient in Special 
.Medicine CRheumatology Service). The initial 
application of plain membranes did not "take" due to 
underlying mixed bacteria consisting of Staphylococcus 

15 aureus and Group 3 beta-Streptococci . With application 
of a chitosan keratinate gentamycin-containing 
ccpolyelectrolyte hydrogel membrane prepared as in 
Example 4, the left ankle lesion incorporated the 
membrane which was transformed to a scab. It 

20 subsequently healed uneventfully. The right ankle 

lesion remained exudative and now included Znteroccoci 
on culture of exudate. A formulation of the chitosan 
kerat inate copcly electrolyte hydrogel mem.brane 
containing 300 mg of Declcmycin, to which the mixed 

25 flora were susceptible (prepared as in Example 5) was 
applied to the wound. It formed an adherent hard scab 
and remained in place for 8 weeks before cracking and 
friability allowed bacterial re-entry. The patient 
was seen weekly on an out-patient basis for several 

30 months, whilst wearing a cefoxitin tetracycline- 

containing glucosaminoglycan keratinate polyelectrolyte 
hydrogel membrane prepared according to Example 6 over 
the lesion. Over this period, pain was absent. 
Several months later, however, the patient was re- 

35 admitted into hospital for definitive work on the 

bacteria complicating the healing process. Pseudomonas 
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aeruginosa and Group 3 bet a-str eptcoocci were found :n 

the lesion. The above organisrr^s. singly and m "-.ixtur 

proved zo be n^ioderaiely susceptible zo cefoperazone 

sodiurr. bv disc test. Accordingly, a membrane contami 
. ^ TM 

ceioperazone ;^e:oDia ' , Roerig, New York Cioyj v,'as 
applied. On the second and tnird days following this 
membrane application pus, which proved to be sterile, 
was expressed from a central slit m^ace m the m.em.brane 
and the lesion under the m.embrane was irrigated with 

10 ml of an aqueous gentamycin solution (1,000 meg /rr^l) 

TM "^M 
before rewrapping in Telfa and Kerlix** . The patien 

was discharged on the following day with a fresh 

cefoperazone membrane and dressing in place. This was 

replaced twice at five daily intervals with new 

gentamycin/cef operazone mem.branes. All cultures 

following the initial application of a cefoperazone 

membrane were negati\^e, within two weeks no exudate was 

apparent, the edges of the lesion became sealed, and 

central darkening under the membrane presaged scab 

formation over the lesion. 

The cefoperazone membranes used in this clinic 

test were prepared as follows. 65 ml of standard glyc 

solution was allowed to dry down in a plastic Petri cis 

(Cefoperazone solution precipitates and forms its own 

membrane in glycan solution.) 1 ml of water- 

TM 

reconstituted Cefobid solution containing 250,000 meg 

of cefoperazone sodium was added to 5 ml of alpha- 

keratose (5 mg/ral) solution. This mixture w^as poured 

over the dry glycan sheet and evenly distributed. The 

glycan swelled and developed a transient cloudiness as 

reacted with the cef operazone/keratose miixture. After 

dry-down, the clear membrane was harvested and U.V. 

TM 

sterilized under Saran Wrap before use. 

The following procedure was used to prepare tn 
gentamycin/cef operazone membranes. 1 ml containing 
10,000 meg of gentamycin sulfate (Valley Biologies, Inc 
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^:a:e College. ?A ; -.vas .cced .o 65 n:l of standard g-.^a-^ 
^ ^-s--^ allowed to dry dcwr.. :nl 

containing 250, :go -c? o: cefoperazone sodi-^n .Ce:ccia~'' 
was -ixed -.v-::-: 5 t.1 of a Ipha-keratcse (5 -ng.-ni: and^"" 
evenly distr:3:.tea over the dried glycan sheet. This 
••vas allowed to ory dcvn m turn. The gentamycm, 
ceioperazone-containing .-neT.brane '^as then harvested a.-.d 
U.V. sterilized under Saran '.Vrap"^"^' before use. 
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?3.ZLe7.z C , a ~ 2 - y e a r - cl d w h i r a "ale w i - h a 1 3 - 
tory of rheur:a-ic fever, pa^rful art-ri-is, a heart 
5 valve rrcsrhesis, end an in f ra- i-gumal vessel grafter 
zo treac peripheral vasc^^lar insuf f icrencv m his lers 
had been hcspirali-ed at Lutheran General Hcsprral, 
Park Ridge, Illinois, when first seen for leg ulcers. 
The large ?re-trbial ulcer (ca. 3" x 6") on his left 

10 leg was grossly conta-inatec with mixed Fseudon-.cnas 
aeruginosa and 5 taohvloooccus aureus , showed a 
gangrenous tendon, and was developing a progressive 
cellulitis traveling toward the knee. A surgical 
conference group recorrjnended amputation below the knee 

15 which was refused by the patient. 

The patient was given a single course of 
amikacin/prostaphcillin therapy by intravenous dric. 
No surgical intervention took place. Simultaneouslv , 
therapy using 3% peroxide washes followed by applica- 

20 tion of chirosan keratinate/gentarr.ycm 

copolyelectrolyte hyirogel merjDranes prepared accord- 
ing to Example 4 and the usual Telfa and gauze over- 
wraps was initiated. Exudate-wet outer gauze wrapping 
was changed 2 or 3 times daily. Telfa pads and rne 

25 chitosan keratinate/ gen tamy cine ccpolyeiectrclvre 
hydrogel membranes were replaced every 4 or 5 davs 
following a peroxide wash with gauze pad swabbing to 
remove detritus. Only non-adherent membrane v;as 
removed or cut away. The patient was moved tc a 

30 nursing facility within two weeks where gluccs- 
aminoglycan keratinate gentamycin copolvelec trc lv*e 
hydrogel membrane therapy was continued. The oat lent 
noted absence of pain with the membrane in place. 
Within 3 weeks the advent of fresh granulation tissue 

35 and sealing of the wound edges was apparent. However, 
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rc n - 1 - 1 r.c - e s tr'j ct 1 zr. zz zr.e ze'/i-a^i^ec ler.crr. '^az 
izzhzer.z zzz. T'r.e zer.zzr. ■^z.z zczz and freely -cv^clc 
\-r.zle -"e ^-ter.zmr zrysiiizn expreE£ez cus Ccr 
cac^ericlrriral zzzzzes, I _ was sucsecue-rly l.zted 
a-d -air.lessly i-i- cu::. The Pseuicrrcras crza-isr. 
crcved de -/ery sensitive t:^ cerde- 1 3 1 1 l_r: , e-d zz 

-wc wee-:s eftsr surcery -de rendcn-free lesicn was 
cleaned wizd percxide and swadbinc, rhen ccvered wi-h 
a genra~ycin/ caroenicillin-ccntaining chircsar. 

kera -inare ccpc lye leer rclyte hydrccel -en-idrane 
prepared according to Exair^ple 7. Carbenicillir.- 
containing solutions polynerize directly and 
ncn-uniforTLly with the glycan solution. Me:r±;ra::es 
containing cardenicillin rrrust therefor be formulated 
by spraying the chitosan acetare sheet (in this 
instance containing gentamycin sulfate) v/ith alpha- 
keratose solution containing dissolved carbenicillin 
powder • 

Collagen deposition, development of new 
granulation tissue, and ccnrinued ingrowth of periph- 
eral epithelial tissue is taking place in spite of 
continued exudation fror. the center of the lesicn, 
T'.^o smaller ulcers, one on the underside of the left 
leg (1" X 2") and one on the inner aspect of the right 
ankle (1" diameter) were successfully closed with 
centamycin-containing glucosanincglycan keratinate 
ccoolyelectrolyte hydrogel miem^branes prepared 
according to Exam.ple 4. 

Example 11 

Polytetraf luoroethylene (Teflon, £.1. DuPcnt 
deNem.curs and Co., Wilmington, Delaware) tubing is 
used in surgery as a prosthetic device to replace 
blood vessels. Narrow-bore tubing is extremely prone 
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zo rhrcrJ^us frr-aric". He^ce there is r-zr. .r^eres- 
and value m cr^air.ir.g ^ ncn-irrcr^cgenir Imir.r frr 
such ruhing cr re-rer yez, a lining which vill suprcrr 
ronfluenr grcw-h cf enfc^helial cells, rhe natural 
5 lining cf hlccd vessels. 

Such a lining was prepared by the follcwmc 
procedure: A section of polytetraf lucroe thv lene 
(PTrZ) tubing (Gcre-tex, W.L. Gere and Assoc., 
Flagstaff, Arizona) was soaked in absolute ethancl to 

10 destroy its hydrophobic properties. The t^ubing beca-e 
translucent; excess fluid was drained but the tubing 
was not allowed to dry completely. 

One end cf the tubing was pinched closec and a 
Pasteur pipette was used to fill the tube 'with a 

15 portion of a solution of 2 ml glacial acetic acid, 2 
ml glycerol, 796' ml water, and 4 g practical grade 
shrimp chitosan fibers ( Sigma-Sldrich Corporation) . 
The upper end of the filled tube was then stretched 
gently in order to insure thorough wetting of all 

20 pores in the tube. The filled tube was then laid m a 
horizontal position and allowed to dry down. The tuoe 
as rotated once during drying to insure even dry-dow*n. 
The efficacy of the chitosan acetate coating procedure 
was determined with fresh Gram's iodine which wetted 

25 and stained (blue-blaok) the glycan-coated areas only. 

With a second Pasteur pipette, the chitosan- 
acetate-coated lumen of the tube was wetted with a 
solution of 5 mg/ml alpha-keratose solution precared 
in a manner analogous to Example 1; the tubinc was 

30 then allowed to dry again. 

The resulting dried, coated tubing was then used 
as a substrate for live cell culture. Canine 
endothelial cells were grown on chitosan keratmate 
membrane-coated PTFE in Roswell Park Memorial Insti- 

35 tute (RPMI) 164C tissue culture medium [yj-. 
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luticn and tr.erefcre "idkes unifor:a disDersicn 
13 chitosan acetate scluticns difficult). 
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CLAIMS: 

1. A hydrcphilic biopc 1 yr^eric copolyelecirc Iv - e 
of (a) a waier-scluole linear anionic crotein 
polyelecrrol yte componeni derived from keratin, and ■''^•] a 
water-soluble linear canonic biopclymer polyeleczrclvte 

5 component derived from at least one biopolymer selectee 
from a glucosaminoglycan and collagen, the weight ratio 
of said anionic protein polyelectrolyt e component to said 
cationic biopolymer polyelectroly te component lying 
within the range of from 0,001:1 to 16:1 but outside the 
10 range of from 1:1 to 10:1. 

2. The copolyelectrolyte of Claim 1, comprising 
an integral mixture of said anionic protein 
polyelectrolyte component and said cationic protein 
polyelectrolyte component. 

3. The copolyelectrolyte of Claim 1, comprising 
one or more layers of said anionic protein 
polyelectrolyte com.ponent , which anionic layers may be 
the same or different, alternated with one or more layers 

5 of cationic protein polyelectrolyte component, which 
cationic layers may be the same or different. 

4. The' copolyelectrolyte of any preceding clair., 
wherein said anionic protein polyelectrolyte component is 
ammonium keratinate. 

5. The copolyelectrolyte of Claim 4, wherein 
the keratin moiety of said ammonium keratinate is alpha- 
keratose . 

6. The copolyelectrolyte of any preceding claim, 
wherein said glucosaminoglycan is chitosan. 

7. The copolyelectrolyte of any preceding claim, 
wherein said cationic biopolymer polyelectrolyte 
component is a biopolymer carboxylate. 

8. The copolyelectrolyte of Claim 7, wherein 
said biopolymer carboxylate is a biopolymer acetate. 

9. The copolyelectrolyte of any preceding claim 
wherein the weight ratio of said anionic protein 
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2 :a:icr::: ciapcly~;er 

s .viinm me range o: :rcm 



c c c o 1 e r " c 1 ■/ e 1 -r c z r :: 1 e c r. c c n e n r 1 3 a t: i x - u r e r i 
:::i:osa" and jcllagen m a ahi'osan *3 collagen '.vGignr 
ra"io 01 :rczi accui 1.5:1 to anouo 13:1, 

11. A nvcronnilio biopol vTT.eric copolyelectrcly 
of a wa ter-sclucle linear anionic protein 

CO Ive lecrrolyte comncnen': derived from keratin, and (b) 
a water-soluble linear cationic biopolymer polyelectroly 
component derived from a glucosaminoglycan and collagen, 
the weight ratio of said glucosariinoglycan to said 
collagen being within the range from more than 2:1 to 
13:1. 

12. The copolyelectrolyte of Claim 11, wherein 
said weighx ratio of said glucosaminogiycan to said 
collagen is within the range from 3:1 to 10:1. 

13. A ccm.position comprising the 
copolyelectrolyte of any preceding claim, and a 
flexibility- and/or adhesion-enhancing amount of a non- 
toxic plasticizer or softener. 

14. The composition of Claim 13, wherein said 
plasticizer or softener is glycerol. 

15. A composition comprising the 
copolyelectrolyte of any one of Claims 1-12, and an 
antibiotic . 

16. A hydrogel comprising the copolyelectrolyt 
of any one of Claims 1-12 in hydrated form. 

17. A membrane comprising at least one layer o 
the hydrogel of Claim 16, said membrane having a 
thickness of at least about 1 mil. 

18. The membrane of Claim 17, wherein both 
cationic chitosan and cationic collagen are present 
either in the same hydrogel layer or in two separate 
hydrogel layers. 
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19. A biodegradable dressing for burn wounds 
and other denuded tissue wound sites, comprising :ne 
membrane of Claim 17. 

20. The dressing of Claim 19, wherein said 
membrane includes a flexibility- and/or adhesion- 
enhancing amount of a non-toxic plasticizer or 
softener . 

21. The dressing of Claim 20, wherein said 
plasticizer or softener is glycerol. 

22. The dressing of any one of Claims 19-21, 
wherein said membrane includes an antibiotic. 

23. A biodegradable lining for surgical 
prostheses, comprising the copolyelectrolyte of any 
one of Claims 1-18. 



